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Remarks 

Please cancel claims 4, 6, 16, 18 and 25-34. 

Claims 1,5, 7-8, 13-15, 17 and 19 are amended herein. Support for the amending 
language of claims 1-13 can be found in the specification on page 13, lines 13-34. Claim 1 is 
also amended to incorporate the limitations of claim 4 and to correct form. Claim 13 is also 
amended to incorporate the limitations of claim 16 and to correct form. 

Claim 5 is amended to incorporate the limitations of claim 6. Claim 7 is amended to 
correct dependency. Support for the amendments of claim 8 can be found in the specification on 
page 7, lines 26-32. Claim 14 is amended to correct form. Claim 15 is amended to incorporate 
the limitations of claim 16. Claim 17 is amended to incorporate the limitations of claim 18. 
Claim 19 is amended to correct dependency. 

New claims 35-40 are added herein. Following entry of this amendment, claims 1-3, 5, 
7-15, 17, 19-24 and 35-40 are pending. Support for new claims 35-40 can be foimd throughout 
the specification, specifically on page 14, line 17 to page 15, line 6 

Restriction Requirement 
The restriction requirement has been made final. Thus, claims 25-34 are canceled herein 
as they were drawn to a non-elected invention. 

Rejections Under 35 U.S.C. §112, first paragraph 
Claims 1-24 are rejected as allegedly the specification does not provide sufficient written 
description for a sufficient number of species of polymorphisms that identify a preferred liver 
transplant donor. The Office action specifically asserts that the "specification fails to disclose 
additional polymorphisms in other regions [other than TNF-a] of the genomic DNA that is 
associated with an altered TNF activity can be used as a determinant for preferred liver donor." 
Applicant respectfully disagrees with this rejection as applied to the claims as amended. 

The specification clearly provides a discussion of a representative number of species of 
genotypes of cytokines other than TNF-a that can identify a preferred liver transplant donor. 
Specifically, the specification identifies that, in addition to a polymorphism in TNF-a, a 
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polymorphic site is in a genomic nucleic acid encoding interleukin (IL)-l, IL-l, IL-65 IL-8, 
transforming growth factor (TGF)-p, IL-10, granulocyte macrophage colony stimulating factor 
(GMCSF), ciliary neurotrophic factor (CNTF) (see the specification at page 13, line 13 to page 
13, line 34). Solely to advance prosecution, the claims 1 and 13 have now been amended to refer 
to polymorphisms in genomic sequences encoding (IL)-l, IL-2, IL-6, IL-8, transforming growth 
factor (TGF)-p, IL-10, granulocyte macrophage colony stimulating factor (GMCSF), ciliary 
neurotrophic factor (CNTF) of TNF-a. Thus, Applicant submits that the specification provides 
sufficient written description for claims 1 and 13 as amended, and claims that depend therefrom. 
Reconsideration and withdrawal of the rejection are respectfully requested. 

With regard to new claims 35-40, Applicant notes that the Office action indicates that 
there is sufficient written description for a method of identifying a preferred liver donor utilizing 
a polymorphism at position -308 in the TNF-a promoter (see the Office action at page 3, 
paragraph 2). All of claims 35-40 specify that the polymorphism is at position -308 in the 
TNF-a promoter. 

Claims 1-24 were rejected as allegedly the specification does not reasonably provide 
enablement for a method of identifying a preferred liver donor for transplantation by determining 
the presence of a preferred genotype, wherein the genotype is associated with an altered activity 
of TNF-a. Applicant respectfully disagrees with this assertion as applied to the claims as 
amended. 

Claims 1 and 13 have been amended to recite that the polymorphic site is in a genomic 
nucleic acid sequence encoding interleukin (IL)-l, IL-2, IL-6, IL-8, transforming growth factor 
(TGF)-P, IL-10, granulocyte macrophage colony stimulating factor (GMCSF), ciliary 
neurotrophic factor (CNTF) or tumor necrosis factor (TNF-a). Applicant submits that the 
specification is. fully enabling for methods for determining polymorphisms in the regulatory 
regions of these genes. These genes and preferred genotypes associated with the expression of 
these genes are described in the specification (see page 13, lines 13-34). For example, it is 
disclosed that a genotype at a polymorphic site that decreases activity of a cytokine, such as 
IL-10, that enhances TNF-a is a preferred genotype. In addition, it is disclosed that a genotype 
at a polymorphic site that is associated with activity of TGF-p is a preferred genotype. Methods 
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are also provided in the specification (see page 19, line 26 to page 25, line 3) for detecting 
specific polymorphisms. The specification further discloses an exemplary polymorphic site in 
TNF-a gene, TNFBOS.l, that is of use in the claimed methods. 

Given the guidance provided by the specification, and the high level of knowledge of one 
of skill in the art. Applicant submits additional specific polymorphisms could readily be 
identified. 

The ability to use additional polymorphisms is exemplified in a scientific manuscript 
published after the filing date of the present application, Tambur et al. {Transplantation 
71:1475-1480, 2001, copy attached as Exhibit A). Tambur et al. describes an association 
between cytokine gene polymorphisms of TGF-P and IL-10 with the recurrence of hepatitis C in 
liver transplant recipients. As noted in Tambur et al., these allelic variations are known in the art 
and have been described in the scientific literature (see page 1475, and references 10-15 cited in 
Tambur et al., which are described as disclosing polymorphisms in cytokine genes^). Applicant 
submits that the background section of Tambur et al. (see page 1475, column 2) demonstrates 
that those of skill in the art would be aware of these (and likely other) scientific publications 
describing the polymorphisms in cytokine genes such as TGF-P and IL-10. 

The specification discloses that a genotype at a polymorphic site that is associated with 
activity of TGF-p is a preferred genotype (see the specification at page 13, line 27-29). Tambur 
et al. analyzed two previously known polymorphisms in TGF-P, one at position +10 (T versus C) 
and one at position +25 (G versus C) by PGR. A genetic profile of being able to produce high 
levels of TGF-P was apparent among patients resistant to disease recurrence (see Fig. 1 and page 
1477, sentence bridging columns 1-2). This experimental data disclosed in Tambur et al. 
demonstrates that one of skill in the art, given the guidance provided by the specification, could 
readily use a TGF-P genotype to identify a preferred liver donor. 

The specification further discloses that a genotype at a polymorphic site that decreases 
activity of a cytokine that enhances TNF-a, such as IL-10 is a preferred genotype (see the 
specification at page 13, lines 29-32). Tambur et al. analyzed three previously known 
polymorphisms in the IL-10 promoter, one at position -1082 (G versus A), one at position -819 

* Fishman et al, J. Clin Invest 102:1369, 1998; He et al., J. NeuroimmurtoL 86:13, 1998; Mulcahy et al., Am. J, 
Hum, Genet, 59:676, 1996; Cabrera et al., J. Exp, Med 182:1259, 1995; Hohler et al, Clin. Exp. Immunol, 1 1 1 :579, 
1998; Hohler et al., J. Med Virol. 54:173, 1998, all of which were published before the filing date of the present 
application. 
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(C versus T) and one at position -592 (A versus C) by PGR. The genetic profile of low 
production of IL-10 was also correlated with disease recurrence (see Fig. 2, page 1478, and page 
1477, column 2, first full paragraph). Thus, the experimental data disclosed in Tambur et al. 
demonstrates that given the guidance provided by the specification, one of skill in the art could 
readily use an IL-10 genotype to identify a preferred liver donor. 

The following analysis is submitted with regard to 1-3, 5, 7-15, 17, 19-24 (see the Office action 
at pages 6-7): 

Nature of the invention 

Methods are claimed for identifying a preferred liver donor using a polymorphic site in a 
genomic nucleic acid sequence encoding interleukin (IL)-l, IL-2, IL-6, IL-8, transforming 
growth factor (TGF)-p, IL-10, granulocyte macrophage colony stimulating factor (GMCSF), 
ciliary neurotrophic factor (CNTF) or tumor necrosis factor (TNF-a). 

Breadth of the claim 

The claims have been amended to be limited to the use of a polymorphic site in a 
genomic sequence encoding interleukin (IL)-l, IL-2, IL-6, IL-8, transforming growth factor 
(TGF)-|3, IL-10, granulocyte macrophage colony stimulating factor (GMCSF), ciliary 
neurotrophic factor (CNTF) or tumor necrosis factor (TNF-a). A scientific manuscript published 
after the filing date of the present application, Tambur et al., supports the Applicant's assertion 
that the breadth of the claims is appropriate. 

State of the Art and Skill Level of the Artisan 

The art teaches a number of known polymorphisms in cytokine-genes. The art further 
teaches methods for identification of polymorphisms, such as PGR. Furthermore, the level of 
skill of a molecular biologist is high. 

Amount of Experimentation 

Using the techniques described in the above-referenced application, Tambur et al. 
obtained experimental data confirming the relationship of polymorphisms in IL-10 and TGF-p. 



Page 9 of 1 1 



SASJam 10/27/03 226926 Attorney Reference Number 6915-66815 

PATENT Application Number 09/955,407 

These results, obtained after the fiUng date of the present application, demonstrate that the 
amount of experimentation required was routine. 

Thus, Applicant submits that claims 1-24 as amended are fiilly enabled by the 
specification. Reconsideration and withdrawal of the rejection are respectfully requested. 

With regard to new claims 35-40, Applicant notes that the Office action states that the 
specification is enabling for identifying a preferred liver donor for transplantation by determining 
in the donor the presence of a polymorphism (a G) at nucleotide position -308 in the TNF-a 
promoter (see the Office action, page 4, paragraph 2). 

Rejections Under 35 U.S,C, §112, second paragraph 
Claims 13-24 were rejected under 35 U.S.C. § 1 12, second paragraph, as allegedly the 
word "material" is indefinite. Applicant respectfully disagrees with this assertion. However, 
solely to advance prosecution, the word "material" has been removed from the claims, rendering 
the rejection moot. 

Claims 8-10 and 20-22 were rejected under 35 U.S.C. § 1 12, second paragraph, as 
allegedly the term "TNF-a regulatory region" is indefinite. Applicant respectfully disagrees with 
this assertion. 

The term "regulatory region" is clearly defined in the specification. Specifically, the 

specification at page 7, lines 26-32 states: 

"As used herein, the term "regulatory region" refers to a portion of a 
nucleic acid molecule that determines the expression of a polypeptide encoded by 
a corresponding gene. A regulatory region that controls transcription of a gene 
can be a promoter, the site of initiation of transcription, or an enhancer, a DNA 
sequence that increases the rate of transcription. . ..Regulatory regions include 5', 
3' and intronic regulatory regions. The transcription regulatory regions control 
the transcription rate of the gene." [citations omitted] 

Thus, with regard to claims 8 and 20, the specification defines regulatory region as a 
nucleic acid sequence that regulates TNF-a expression. In addition, with regard to claims 9 and 
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21, the specification defines a "transcriptional regulatory region" as a nucleic acid sequence that 
controls the transcription rate (see the last sentence of the paragraph copied from the 
specification). Claims 10 and 21 depend from claims 9 and 20, respectively. Thus, Applicant 
submits that claims 8-10 and 20-22 are clear and definite. Reconsideration and withdrawal of the 
rejection are respectfully requested. 



The Applicant thanks the Examiner for returning the signed copy of the Form PTO-1449, 
indicating that the references were considered and made of record. Applicant notes that no 
rejections were made of the cited prior art, indicating that the pending claims were free of the art 
of record. 

Conclusion 

It is submitted that pending claims 1-3, 5, 7-15, 17, 19-24 and 35-40 are in condition for 
allowance, which action is respectfully requested. The Applicant also thanks Examiner Qian for 
the brief introductory interview with the undersigned. If any matters remain to be discussed, it is 
requested that the Examiner contact the imdersigned representative to arrange a telephone 
interview. 
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Background, Cytokines play a key role in the regu- 
lation of immune responses. The maximal capacity of 
cytokine production varies between individuals and 
was shown to correlate with polymorphism in cyto- 
kine gene promoters. The objective of this study was to 
analyze the role of cytokine allelic variations in sus- 
ceptibility to early ^aft rejection episodes and recur- 
rence of hepatitis C infection in liver transplant (LTx) 
recipients. 

Methods. The genetic profile of five cytokines was 
studied in 68 LTx recipients and 49 controls using 
polymerase chain reaction sequence specific primers. 
All individuals were genotyped as high or low produc- 
ers of TNF-a and IL-6 and high, intermediate, or low 
producers of transforming growth factor p (TGF-P), 
interferon y (IFN-y), and interleukin 10 (IL-10) based 
on single nucleotide substitutions. 

Results. No statistically significant differences 
were observed between patients with or without 
early rejection episodes. A significant proportion of 
patients more prone to rejection were genotyped as 
having a low production profile of IL-10 compared 
with the control population (P=0.04). These data are 
in accordance with reports regarding other solid- 
organ transplant recipients. Patients with no recur- 
rence of hepatitis C had the inherent ability to pro- 
duce higher TGF^/3 levels than did patients with 
recurrent disease (P=0.042). Among nonrecurrent 
patients, the percentage of genetically low IL-10 pro- 
ducers was higher than among recurrent patients 
(P=0.07). Furthermore, a genetic tendency to pro- 
duce higher levels of IFN-y was noted among LTx 
recipients with nonrecurrent hepatitis C than 
among those with recurrent hepatitis C. 

Conclusions, While no significant correlation was 
detected between particidar cytokine profile and 
early rejection episodes, our data strongly suggest an 
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association between cytokine gene polymorphism of 
TGF-/i, IL-10, and INF-y and recurrence of hepatitis C 
in LTx recipients. 



Modulation of immune responses, both cellular and hu- 
moral, is controlled primarily by secretion of cytokines from 
various cell types. These small peptides, in a complex coor- 
dinated network, can feed back onto their own synthesis or 
onto the induction/inhibition of other cytokines or cytokine 
receptors il-^). 

The in-vitro maximal capacity to produce different cyto- 
kines in response to mitogen stimulation was shown to vary 
between individuals. Such differences can be attributed to 
several molecular mechanisms, including variations in tran- 
scription, translation, and secretion pathways (5, 6). Re- 
cently, an additional potential mechanism was described in- 
volving conservative mutations within cytokines coding 
regions and nucleotide variations within more pronounced 
regulatory regions (i.e., promoter sequences). These genetic 
polymorphisms were shown to affect the overall expression 
and secretion of cytokines both in in-vitro and sporadically in 
in-vivo systems (7-9). 

Potential association with allelic variations in certain cy- 
tokine genes was reported for several autoimmune syn- 
dromes (10-12), infectious diseases {13-15), and allograft 
rejection (16-19). In the transplantation setting, identifica- 
tion of a genetic marker predicting posttransplant comphca- 
tions may aid in tailoring immunosuppressive iregimens to 
better suit individual patients' risk factors. 

Two major immunological complications, acute rejection 
and recurrent disease, may lead to graft dysfunction in liver 
transplant (LTx) recipients. Acute cellular rejection, which 
usually occurs during the early posttransplant period (4-6 
weeks), is noted in about 30-50% of patients. Recurrence of 
hepatitis C is more often a later consequence that may lead to 
graft failure. Although 95% of patients with hepatitis C re- 
main viremic after transplant, the rate of symptomatic dis- 
ease recurrence varies between those patients because of yet 
undefined reasons. 

The objective of this study was to identify potential genetic 
markers for susceptibility to early graft rejection episodes 
and recurrence of hepatitis C in LTx recipients. To this end 
we analyzed genetic polymorphism in five different cytokines 
(tumor necrosis factor <x [TNF-«], transforming gi'owth factor 
13 [TGF-^]. interferon 7 [IFN-y], interleukin 6 IIL-6], and 
interleukin 10 IIL-10] ). Allelic variations were compared be- 
tween rejection and no-rejection groups and recurrence and 
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no recurrence (groups, and between those grouijs and healthy 
matched controls. 



STUDY POI'ULATiON AND METHODS 
Patient pnpu latum 

Sixly-eiKht Caucasinn LTx recipients (32 iuhIc. 36 iemnle; aRC 
20-69 years) followed in the Kubin Medical Center for 1 tx> 7 years 
posttransplantution were inelnded in tlu- study protocol after fliKninp 
a consent form. Data from the patients' charts were reviewed i'or 
diafinofiiP of acute rejection (within tl^e first 6 weeks afU'r transplant) 
and recurrent hepatitis C (within the Hrst year alter transplant). 
Diagnosis of recurrent hepatitis C was based on viremiu Iby reverse 
transcriptuse-polyjnerase chain reaction (KT-PClOj. liver enzyme 
abnormalities, and typical histological characteri.stics on hiopsy. The 
reason for end-sUge liver disease among the 68 patients included: 
hepatitis C 117], hepatitis B 1161, hepatitis B and C 131, Wilson's 
disease Ul, primary biliary cirrhosis |81, primary sclerosing chohn- 
gitis 121. fulminant hepatic failure 19], cryptogenic cirrhosis 151. and 
other etiologies |4l. Immunosuppression therapy consisted of CsA. 
azathioprine. plus steroids in 29 patients and tacrolimus (FK 506) 
plus steroids in the remaining 39 patients. 

Controh 

Forty-nine healthy Caucasian individuals were analyzed as a rep- 
resentative control population: 23 male, 26 female; age 18-64 years. 

DNA Extraction 

Genomic DNA was isolated by proteinase K digestion of fresh 
peripheral hlood mononuclear cells, followed by phenol extraction 
and ethanol precipitation. DNA samples were quantified and sub- 
jected to specific PGR reactions as described. 

Cytokine Gene Polymorphism 
Single nucleotide mutations were analyzed in five different cyto- 
kines, leading to genotypes and phenotypes assignment. Specifically, 
for TNF-a, the presence of G or A nucleotide in position -308 of the 
promoter region generates three potential genotypes corresponding 
to two different phenotypes. The A/A and G/A genotypes represent 
the potential to produce high levels of TNF-a, whereas the G/G 
genotype is associated with low production of this proinflammatory 
cytokine. Two single nucleotide mutations were analyzed for TGF-^, 
both in the coding region: codon +10 can be either T or C and codoii 
-1-25 either C or G. There are 9 different possible combinations of 
these two' isolated mutations, which gives rise to three different 
secretion phenotypes: high, intermediate, and low producers of 
TGF-^. An additional coding sequence mutation was analyzed for 
IFN-7 at position +874 (T versus A). A homozygous T is associated 
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with the ability to produce high levels of IFN-7. the heterozygous T/A 
is an intermediate producer, and the hoinozygoua A genotype can 
generate only low am(tuntK of IFN-7. lnterleukin-6 promoter whs 
studied for the prOHcnce of a single nucleotide modification in posi- 
tion -174. Both the G/G and the G/C genotypes are known lo correlnu- 
with a high pnKiuction phcnotype. whereas the C/C is a low producer 
of lL-6. 

Three different polymorphisms were surveyed for the lL-10 pro- 
moter: position -1082 (G versus A), positioji -819 (C vursus T), and 
position -592 (A versus C). The phenotypes attributed to tliese puly- 
morphisms are presented in Tuhle 2. 



PCIi'SSP 

PCH amplification was carried nut according to manufacturers 
recommendations (One Lambda, Inc. Ganoga park, CA). Briefiy, 
after the addition of the appropriate primer pairs, salts, buffer, and 
Taq polymerase, the samples were subjected U» 30 cycles of PCH as 
follows:' One cycle of 130 seconds at 96*0 dropping to 63''C for an 
additional 60 seconds; 9 cycles of 10 seconds at 96*0 and 60 seconds 
nt ea^-C; and the final 20 cycles that include a three-temperature 
rami>— annealing for 10 seconds at 96*0. hybridization for 50 sec- 
onds at 59*G and an extension step of 30 seconds at 72''C. PGR 
products were then loaded onto an agarose gel and photographed 
using an ultraviolet transilluminator. 

Statistical analysia 
Comparison of cytokine profiles among the different patient 
groups and between patients and control population were performed 
using Ghi-square analysis and two-tailed Fisher's exact test, as 
appropriate. 

RESULTS 
Rejection 

of the 63 recipients for whom information regarding early 
rejection episodes was available, 33 (52%) presented with at 
least one biopsy-documented rejection and 30 had no rejec- 
tion events. Demographic characteristics (i.e., age, sex) and 
immunosuppression protocols of patients with and without 
rejection were comparable. 

Table 1 summarizes the phenotypic expression deduced 
from the genetic polymorphism in the five selected cytokines 
in the two patient groups and the data obtained for healthy 
controls. Overall, no statistically significant differences were 
observed between patients susceptible for early rejection ep- 
isodes and patients that did not present with rejections. 
Frequencies of cytokine gene polymorphism in both patient 



Table 1. Phenotypic expression of the selected five cytokines in LTx recipients with and without rejection episodes 





TNF-a 




IL-6 






IFN-v 






Low 


High 


Low 


High 


Low 


Intermediate 


High 


Rejection 
No rejection 
Control 


30(91) 
26(87) 
43 (88) 


3(9) 
4(13) 
6 (12) 


1(3) 

4(13)'* 

l(2r 


32 (97) 
26 (87) 
48(98) 


11 (34) 
11 135) 
19(39) 


17 (50) 
13(46) . 
24 (49) 


5(16) 
6(19) 
6(12) 






TGF-p 








IL-10 






Low 


InieriTiediate 


High 




Low 


Intermediate 


High 


Rejection 
No rejection 
Control 


1(3) 
2(6) 
3(6) 


8(22) 
12 (42) 
10(20) 


24 (75) 
16(52) 
36 (73) 




19(56)" 
14(48) • 
17 (35)" 


10 (32) 
9(29) 
26 (53) 


4(12) 
7 (23 ) 
6(12) 



Numbers in parenthesis are 

P= 0.066 for low IL'6 between patients with no rejection and the control group. 
" P= 0.041 for low IL-10 between patients with rejection and the control group. 
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Ta]»lk 2. Kreiiuency of lUlO (icnotypcs obBcrved in LTx recipients with and without rejection episodes In the enrly 

posttrunsplunt period and in healthy controls 



Intcrli'ukin-lO luvel ofproductiun 



NucitMJtido <;ombinnli(tn 



Kejection 
No rejection 
Healthy control k 



IntormedioU' 



(;cc/occ 



GCC/ACC: 



OCC/ATA 



AC;C/ACC 



ACC/ATA 



4 (12) 
7(23) 
6(12) 



5(15) 
5(17) 
(27) 



5(15) 
4 (13) 
13(27) 



3(9) 
7(23) 
4 (8) 



11 (33) 
6(20) 
8(16) 



ATA/ATA 

5(15) 
1 (3) 
5(10) 



"^he letters in each nucleotitle-triplct represent a ronibinntion of nil three polymorpliic regions, i.e.. positions -1082. -819, and -592. For 
example. GCC corresponds to G in position -1082, C in position -819, and C in position -592. An individual who is homozyKOUS lor thifi 
polymorphism will have o high lL-10 production phenotype. Numbers in parenthesis are %. 



populations were also similar to those noted in the control 
group. 

The majority of patients and controls (85-90^f) had a low 
TNF-a phenotype— G/G. Of the few individuals typed as high 
producers, all were heterozygous for the polymorphism at 
position -308 (i.e., G/A). None of the patients or controls 
carried the A/A homozygous high-producer type (data not 
shown). 

The vast majority (87-98%) of all populations studied ex- 
hibit the potential to produce high levels of IL-6, using either 
the G/G or the G/C genotypes equally. The low-production 
genotype (G/G) was more frequent among the nonrejection 
group, showing a trend toward statistical significance when 
compared with the control population (P=0.066). 

The allelic polymorphisms of IFN-7 translate directly into 
the three phenotypic levels of expression. Consequently, no 
differences were noted with regard to either the phenotype or 
the genotype profile of patients with or without rejection 
episodes. 

TGF-3 genotypes varied quite substantially among the 
different study groups (data not shown). In LTx recipients 
with no rejection, the two high production profiles were 
equally distributed, whereas in both LTx recipients with 
rejection episodes and the control population the more-fre- 
quent high-producer haplotype was T/C G/G. The most prev- 
alent genotype among aJl patients with no rejection episodes 
was the QIC G/G (intermediate) haplotype; 11/30. These dif- 
ferences did not reach statistical significance. 

Analyzing the different genotypes of IL-10: a trend toward 
higher frequency of high IL-10 producers was found in the 
non-rejection LTx recipients (23% versus 12% in the rejection 
group) (Table 2). Although higher frequencies of tlie low 
producing genotypes - ACC/ATA and ATA/ATA - were found 
in the rejection group (33% and 15% versus 20% and 3%, 
respectively, in the no-rejection set), a similar proportion of 
low IL-10 producers was observed among these two groups 
overall (57% versus 46%). Nonetheless, when the secretion 
profiles were pooled into two categories - high and interme- 
diate producers versus low producers -a significantly higher 
percent of patients in the rejection group showed reduced 
genetic ability to produce IL-10 (low producers) compared 
with control population (P=0.041; NS - compared with 
no-rejection). 

Hepatitis C 

Among the 20 LTx recipients with primary hepatitis C, 12 
had documented disease recurrence within the first year post 
transplant. A distinct ability to produce high levels of TGF-)3 



1 GF-beta Genetic Profile 

LTx Recipients with primary Hepatith C 



1(X» 



80 



60 



AO 



20 




Kecurrcncc 
Control No Rccurrtncc 

FiGtTRE 1, TGF-p profile in LTx recipients with primary hep- 
atitis C. The three study groups include patients with recur- 
rence of disease within the first year post transplant; pa- 
tients with no disease recurrence within the same time 
frame, and healthy control population. Maximal potential 
level of TGF-p production are indicated: ■ - High ; □ - Inter- 
mediate ; □ - Low. The potential to produce high levels of 
TGF-/3 is signiiUcantly more prevalent among patients with 
no recurrence of hepatitis C compared with LTx recipient 
with recurrence (P=0.042). 



was apparent among patients resistant to disease recur- 
rence, while only 50% of patients Math recurrent hepatitis C 
carried this haplotype (P= 0.042, Figure 1). Patients with 
recurrence of disease showed phenotypic distribution similar 
to healthy control population. 

Figure 2 represent the phenotypic profile of IL-10 produc- 
tion in hepatitis patients and controls. While the majority 
(87.5%) of patients without recurrence of hepatitis C are low 
producers of IL-10. less than half of patients with recurrence 
of disease displayed this phenotype (P=0.07). Interestingly, 
among healthy controls, an even lower percentage carry this 
haplotype. and the most prevalent profile is of intermediate 
producers. 

The distribution of IFN-7 phenotypes is quite comparable 
between patients with disease recurrence and controls, and 
not significantly different from the observed profile in pa- 
tients with no HCV recurrence. Nevertheless, a tendency 
towards higher production of IFN-7 was noted among LTx 
recipients with no recurrence (Fig. 3; i'=0.1). 

DISCUSSION 

The role of cytokines as mediators of post transplant 
events has been intensely investigated over the past few 
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FicUKE 2. IL-10 production profile in LTx recipients with 
primary hepatitis C. The three study groups include patients 
with recurrence of disease within the first year post trans- 
plant; patients with no disease recurrence within the same 
time frame, and healthy control population/Low producers 
of IL-10 are more frequent among LTx recipients with no 
hepatitis C recurrence (P=0.07). Maximal potential level of 
ILrlO production are indicated: ■ - High ; □ - Intermediate ; □ 
- Low. 
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Figure 3. IFN-y phenotypes in LTx recipients with primary 
hepatitis C. The over all profile is quite comparable between 
the three study groups. Nevertheless, a tendency towards 
higher production of IFN-y was noted among LTx recipients 
with no recurrence (P=0.1). Maximal potential level of IFN-y 
production are indicated: ■ - High ; □ - Intermediate ; □ - 
Low. 

years. Nonetheless, most of the different methods that were 
employed [ELISA for serum levels of cytokines; RT-PCR or 
in-situ hybridization for intragraft measurements etc.I suffer 
from several disadvantages. For example, measurements of 
cytokine levels in the serum are not representative of the 
production and expression levels in a particular organ; Anal- 
ysis of cytokine data directly from allograft biopsies are in- 
formative only if taken at exactly the appropriate timing (20). 
Consequently, although there is no doubt that cytokines play 
a major role in allograft rejection/acceptance, currently there 
are no reliable means to use cj^tokine information to predict 
transplantation related complications. 

Potential correlations between cytokine gene polymor- 
phism and organ transplantation outcome were analyzed in 
several studies. The promising data triggered numerous 
studies in which cytokine gene polymorphism was analyzed 
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in relation to allo(,nraft rojeclion or other transplantutidn 
complications (7 7-7.9, 27). Some of these studies, however, 
disputed earlier findings and revealed many controversies 
{22,23). 

Our study was designed to analyze potential ansociation 
between cytokine gene polymorphism in liver allograft recip- 
ients and two immunological phenomena: graft rejectioii/ 
acceptance and protection against recurrence of hepatitis C. 
While no significant differences in genetic cytokine profile 
were detected between patients with and without rejection 
episodes, several deviations from the control group profile 
were noted, that deserve further investigation. 

The genetic ability U> produce only low levels of IL-10 was 
significantly more i>ronnnent in LTx recipients with early 
rejection episodes as compared with healthy controls 
(P=0.042). Although the difference between patients who 
rejected and those who did not reject did not reach statistical 
significance, there is a definite trend indicating that more of 
the non-rejectors have the genetic ability to produce high 
levels of IL-10, whereas the majority of rejectors can produce 
only low levels of IL-10. This pattern is in agreement with 
previous reports correlating the IL-10 low-producer genotype 
with susceptibility to cardiac allograft (77) and to renal allo- 
graft rejections (27). Recently, Shinozaki et al. (24) demon- 
strated that recombinant human IL-10, when transduced 
into rat hepatic grafts, significantly prolonged median graft 
survival (P=0.0021). It is well estabhshed that IL-10 is a 
potent regulator, decreasing immunoproliferative and in- 
flammatory responses. IL-10 can directly suppress T cell 
proliferation, specifically inhibiting their IL-2 production (25, 
26). Additionally, IL-10 can indirectly prevent antigen-spe- 
cific T cell proliferation by down-regulation of MHC class II 
expression on monocytes, leading to reduced ability to 
present antigens (27). It is therefore reasonable to assume 
that recipients with the ability to produce only low levels of 
IL-10 are more prone to rejection episodes. 

Our data further indicate that among LTx recipients who 
did not reject within the first 4 weeks, the ability to produce 
low levels of IL-6 was more prevalent than in healthy con- 
trols (P=0.06). Interestingly, the frequency of IL-6 low pro- 
duction phenotype in our healthy population was only 2% 
whereas in a study by Fishman et al. (10), that homozygous 
C/C haplotype was present in 18% of 383 healthy individuals. 
Similarly, the allelic frequency of the C allele in that study 
was reported at 40.3% and in the current control population 
it was only 25.5%. These observations raise a question re- 
garding the normal distribution of cytokine alleles in differ- 
ent ethnic and racial populations. The allelic variant of IL-6 
encoding for.C in position -174 of the promoter was found to 
be associated with significantly lower levels of plasma IL-6 
in-vivo. Additionally, it was shown that cells carrying this 
genotype are less amenable to LPS or IL-l stimulation (70). 
It is therefore possible that cells with low levels of lL-6 are 
also less responsive to allostimulation, and hence, less sus- 
ceptible to rejection episodes. A larger cohort of LTx recipient 
should be analyzed in order to substantiate this hypothesis. 

Recently, Bathgate et al. {28) reported that patients that 
are homozygous for TNF-a A/A genotype at position -308 of 
the promoter region are more likely to suffer from acute 
cellular rejection after liver transplantation. No such corre- 
lation was noted in our patient cohort. Moreover, neither of 
our patients, nor any of the control samples carry this par- 
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ticular genotype, whereas 19/144 {>13%) of patients in Bath- 
gate's study were A/A positive. In view of the genetic location 
of TNF-« within the MHC region, and the known ethnic and 
racial genetic make-up of this nystem, one may speculate that 
the distribution of the TNF alleles is also population depen- 
dent. Our findings are in apparent disagreement also with 
other aspects of Bathgate's results- mainly with regard to 
IL-10 potential association with rejection status. Nevfirthe- 
less, on a closer examination it is apparent that our analysis 
of IL-10 promoter focused on three different polymorphic 
Bites while the other study analyzed polymorphism only at 
position -1082. Finally, our defmition of rejection was strictly 
limited to early cellular rejection episodes occurring within 
the first 6 weeks post transplant. 

Of particular interest is the role ol cytokme polymorphism 
in recurrence of hepatitis C in LTx recipients. Hohler et al. 
i}5) report on an association of the susceptibility to hepatitis 
C infection, in general, with polymorphism at the TNF-a 
promoter. In fact, two separate mutations were analyzed. 
However, while the polymorphism at position-238 is associ- 
ated with infection status (P<0.009), no such correlation was 
found with a different mutation at position-308. Similarly, 
our data- analyzing TNF-a genes for polymorphism at posi- 
tion-308 - showed no statistical significant difference among 
patients with or without recurrence of disease within the 
first year post transplant. A different approach was used by 
Rosen et al. (29) who studied polymorphism in donor derived 
cells and their role in determining severity of hepatitis C 
recurrence in LTx recipients. In this study, yet again, poly- 
morphism at position-238 of the TNF-or promoter was iden- 
tified as having significant correlation. 

In our study, the vast majority (87.5%) of non-recurrent 
patients were typed as low producers of IL-10, whereas only 
42% (P=0.07) and 12% (P<0.0001) of recurrent patients and 
healthy control, respectively, carried that genotype. Further- 
more, a tendency toward high production of IFN-y in non- 
recurrent LTx recipient was noted compared with recurrent 
patients. That the genetic abiUty to produce low levels of 
IL-10 is more prevalent in non-recurrent patient is not sur- 
prising. IL-10 down regulates MHC expression on antigen 
presenting cells (26). Therefore, patients with low secretion 
of ILrlO should have better capabilities to present antigens 
(i.e., viral peptides) in the context of MHC molecules, leading 
to improved elimination of hepatitis infection. Indeed, Ed- 
wards-Smith et al. {30) reported that hepatitis C patients, 
genotjT^ed as high IL-IO producers, have poor response to 
IFN-a therapy. One may also speculate that low IL-10 pro- 
duction can skew the immune system into the Thl type of 
response, which again will facilitate the clearance of viral 
load. 

Although not statistically significant, the percentage of 
non-recurrent patients having the genetic ability to produce 
high levels of IFN-y in our study was 3-4 times greater than 
in recurrent patients. Two immunological rationales argue in 
favor of these findings: IFN-y role as a Thl cytokine; and its 
ability to increase the processing and presentation of viral 
antigens by MHC class I molecules. Indeed, serum specimens 
from hepatitis C infected patients contain significantly lower 
levels of soluble IFN-y as compared with controls (5J). Addi- 
tionally, it has been shown that IFN-y can inhibit the repli- 
cation of viruses in infected cells, directly reducing viral load 
(32, 33). 
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The most intriguing observation whs that all (lOO^/r) of 
patients with no recurrence t>f hepatitis C carried the high 
producer phenotype for TGF-/:1 (P=0.042 compared with re- 
current patients). TGF-/3 is a profibrinogenic cytokine known 
to be involved in development of fibrosis in transplanted 
organs {19) as well as in hepatocytes of patients with chronic 
viral hepatitis (34, 35). TGF-p is also known to be involved in 
suppression of immune responses and in down-regulation of 
growth promoting activities. Therefore, the finding that all 
non-recurrent hepatitis C LTx recipients carry a promoter 
polymorphism predisposing them to high production of 
TGF-P was unexpected and quite puzzling. Nonetheless, sup- 
portive data was obtained by McKeirl et al.(36'), who reported 
that TGF-/3 may down-regulate HlV-1 viral replication in 
infected myeloid cells in-vitro. These observations imply a 
dual function for TGF-/3 as was indeed shown by Erard et al. 
(37) in a recent publication. Thus, while TGF-/3 and IL-4 
individually suppress immune responses, when presented 
simultaneously they can cooperate to regulate the differenti- 
ation of CDS cells toward the type 1 response. Namely, ad- 
dition of both TGF-3 and lL-4 was reported to induce IFN-y 
secretion by CDS positive cell cultures and enhance CDS 
cytotoxicity. Further studies should address the true nature 
of TGF-)3 effects with regard to hepatitis C infection and 
elimination. 

In summary, the multifactorial nature of post transplant 
immune responses, especially in the early post LTx period, 
complicate our ability to differentiate the role and contribu- 
tion of individual parameters for the development of rejec- 
tion. Our results demonstrate an additional factor that 
should be considered- the genetic make-up of the studied 
population. We therefore propose that only a prospective, 
well-controlled analysis or a larger cohort of patients can 
decipher the true role of cytokine gene polymorphism in LTx 
rejection. Nonetheless, our data strongly suggest an associa- 
tion between cytokine gene polymorphism of TGF /3, IL-10 
and INFy and recurrence of hepatitis C. Corroboration of our 
finding may point towards new therapeutic strategies. 
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